InTroduCTIon
Widowhood is a common life experience that is more likely to occur with increasing age, and among women than among men. The female preponderance in widowhood is attributable to women having a lower average age at marriage 1 and a higher life expectancy than men. 2 It has been suggested that widowhood affects the mortality and the health of the surviving spouse. Adverse effects of spousal loss have been found for mortality, [3] [4] [5] [6] [7] for physical disabilities and mental health, 8 and for the risk of institutionalisation. 9 Findings on the gender-specific effects of widowhood on mortality and health disadvantages have provoked controversy. Some studies have suggested that the effects of widowhood on mortality, as well as on all-cause medication and primary healthcare use after spousal loss, are similar among men and women. 5 10 Other studies have demonstrated that levels of excess mortality due to spousal loss are higher among widowers than among widows. 4 6 8 11-14 The factors that appear to underlie the adverse effects of widowhood on health and mortality [14] [15] [16] [17] include the loss of social, material and task support, and changes in health behaviours, such as intensified smoking and alcohol consumption, having a less healthy diet, and having fewer interactions with healthcare services. [14] [15] [16] The main physiological mechanism that appears to underlie the negative consequences of spousal loss for health and survival is an elevated secretion of the stress hormone cortisol, 18 19 which can in turn compromise immune system function. 20 Bereavement due to spousal loss has been associated with a decline in general immune functions, such as neutrophil function, 21 and with a reduction in the effectiveness of peripheral blood lymphocytes. These findings suggest that stress related to spousal loss may compromise immune modulation, 22 and may therefore increase the susceptibility of widowed individuals to infections. However, the research evidence on gender differences in the effect of spousal loss on changes in immune defences is less extensive. To help fill this gap, the present study investigates gender differences around spousal loss in anti-infective medications, used as a proxy for immune system defences.
The existing research points to a higher degree of stress reactivity to cortisol among men than among women, 23 and to a female advantage in immune protection, 24 25 mainly due to the immunosuppressive effects of progesterone and testosterone, and to the immunoenhancing effects of oestrogens. 26 27 The incidences of many bacterial, viral, parasitic and fungal infectious diseases have been found to be substantially higher, and some infectious diseases have been shown to be more severe among men than among premenopausal women. 27 Studies have found that autoimmune diseases are more common, and that immune responses to vaccinations are often stronger, in women than in men. 27 28 It has also been shown that women use more prescription antibiotics than men, and that most of the antibiotics women are prescribed are intended to treat respiratory tract infections (RTIs), bronchitis or urinary tract infections (UTIs). 29 In light of research evidence indicating that men have lower levels of immunocompetence than women, 30 and that the effects of widowhood on health and mortality are greater among widowers than among widows, we hypothesised that the immune defences of widowers are more compromised than the immune defences of their female counterparts. If men are more susceptible to infections than women, we would expect to find that the use of anti-infective medications increases more after spousal loss among men than among women. In light of previous research findings indicating that levels of all-cause medication use 10 and antibiotic use, particularly for RTIs and UTIs, are higher among women than among men, 29 we would expect to observe higher levels of anti-infective medication use among women than among men both before and after widowhood.
MeThods data
The study is based on a 5% random sample of the total Danish population identified through the Central Personal Register (CPR) and linked to the Danish National Prescription Registry (DNPR). 31 Each resident in Denmark is assigned a unique personal identification number, which makes it possible to link registers with different types of information. The CPR has been collecting information on demographic characteristics since 1968, while the DNPR contains information about prescribed medications, including the date of prescription and the type of drug, based on the Anatomical Therapeutic Chemical (ATC) classification system, which has been in use since 1995. 31 32 From the 5% sample, we selected residents of Denmark who were at least 50 years old by 1 January 1996, were married by 1 January 1995, and were widowed between 1 January 2000 and 31 December 2007. This observation period was chosen to ensure the availability of the DNPR data (from 1 January 1995 to 31 December 2012) at least 5 years prior to and up to 5 years after widowhood.
health measures
Prescriptions for the following anti-infectives for systemic use were considered: antibacterials (J01), antimycotics (J02), antimycobacterials (J04), antivirals (J05), and immune sera and immunoglobulins (J06). Anti-infective medication use was defined as having a prescription or not having a prescription in each year (0 vs 1). The dispensation of anti-infective drugs was considered a proxy measure for immune system defences. Denmark has a relatively low level of antibiotic use compared with other European countries, 33 suggesting that the anti-infective medications are likely prescribed in response to real individual health needs. Hence, the use of anti-infective medications is likely to reflect the presence of an infectious disease and compromised immune system function.
statistical methods
First, we calculated the proportions of men and women who were prescribed anti-infective medications for each of the 5 years before and after the index year (year of spousal loss or widowhood) by the age at widowhood in 10-year age groups (the number of individuals with an anti-infective medication prescription divided by the total number of individuals in the corresponding age group at widowhood and time to/after widowhood, by gender).
We then fitted a generalised linear mixed model for longitudinal data with a binary response to examine the likelihood of having a prescription for anti-infective medications for systemic use. Each individual was followed from 5 years before widowhood until 5 years after widowhood or death, whichever came first. To overcome the correlation between time-dependent predictors and individual effects, 34 we divided the time-dependent covariate age into between and within components, 34 35 by applying the QP decomposition. 35 Following this approach, we separated the variable age into its cross-sectional dimension (to estimate cohort effect), which represents the effect of losing a spouse at different ages on anti-infective medication use, and into its deviation from the cross-sectional dimension (to estimate age effect), which represents the effect of becoming older on anti-infective medication use. 36 To differentiate the period before from the period after widowhood, we included a dummy variable (widowhood indicator), assuming a value of 0 for the period before widowhood and a value of 1 otherwise. We interacted this variable with age to allow the slope of age before spousal death to differ from the slope following spousal death. This interaction tests whether there is a disjuncture in anti-infective medication use after widowhood, that is, whether there is widowhood effect on the use of anti-infective medications. We performed these analyses for the total population (model 1) and in sex-specific samples (model 2 for men and model 3 for women). To examine gender differences in the effect of widowhood on anti-infective medication use, we compared sex-specific estimates for age and the interaction between age and widowhood indicator in the period after widowhood, with the CIs obtained from the model performed on the total population. To test statistically gender differences in the effect of widowhood on anti-infective medication use, we also added three-way interaction to the model for the total population interacting gender, age and widowhood indicator.
It is possible that widowed who died within 1-3 years following spousal loss were less healthy than those who survived 5 years following spousal loss, and were more sensitive to stress related to spousal bereavement. Therefore, we reran the analysis among individuals who survived 1, 3 and 5 years after becoming widowed to examine whether the effect of spousal loss on the use of anti-infective medications differs across these subpopulations. We also excluded individuals who became widowed at ages 90+, as strategies for prescribing medications in this very old population have been found to differ from the strategies applied in the younger population. 37 All analyses were performed using Stata (Version 15).
resulTs
In total, we identified 72 524 individuals (87% of the initial population aged 50 and older) who were at least 50 years old and had been married by 1 January 1996. During the observation period from 1 January 2000 to 31 December 2007, 6076 individuals (67% of whom were women) became widowed. Most of the individuals (66%) became widowed between ages 60 and 79 (table 1) . Figure 1 shows the proportion of ATC-J users within 5 years before and up to 5 years after widowhood, by gender and age at widowhood.
In general, a higher proportion of women than of men were using anti-infective medications (our results are driven research report by antibacterial prescriptions) both before and after becoming widowed, and the proportion tended to increase with advancing age.
Results from the total population (model 1, table 2) indicate that the odds of anti-infective medication use were higher for women than for men (women: OR=1.31; 95% CI 1.21 to 1.42).
Figure 1
Anti-infective medication use 5 years before and 5 years after widowhood for women and men, stratified by age at widowhood. ATC, Anatomical Therapeutic Chemical. 
research report
Men and women who became widowed at age 70 or older had higher odds of anti-infective medication use than their counterparts who became widowed at ages 50-59. In addition, each 1-year increase in chronological age in the period before spousal loss was related to an increase in anti-infective medication use (OR 1.07; 95% CI 1.05 to 1.10). The interaction between age and widowhood indicator was significant (OR=0.96; 95% CI 0.94 to 0.99), indicating that the age-related increase in the use of anti-infective medications was slightly smaller in the period after than in the period before widowhood. In sex-specific samples, however, the interaction between age and widowhood indicator was not significant in both genders, indicating that the age-related increase in the anti-infective medication use was similar in the period before and the period after widowhood. In sex-specific models, CIs of age before widowhood (men: OR=1.08; 95% CI 1.04 to 1.12; women: OR=1.07; 95% CI 1.04 to 1.10) and after widowhood (men: OR=1.04; 95% CI 0.95 to 1.12; women: OR=1.04; 95% CI 0.98 to 1.10) overlap with those obtained from the analysis of the total population. Similarly, we found overlapping CIs for the interaction between age and widowhood indicator in sex-specific models with that in the model for the total population. These findings indicate that the age-related changes in anti-infective medication use are similar among men and women both before and after widowhood. To test whether widowhood effect on the use of anti-infective medications differs between men and women, we further interacted gender, age and widowhood indicator (see online supplementary appendix). None of the interactions reached statistically significant level. Additional sensitivity analyses considering only those individuals who survived at least 5 years after widowhood and excluding individuals who were widowed at age 90 or older (table 3 for men and table 4 for women) yielded similar results. The use of anti-infective medications was higher in the period after widowhood than in the period before widowhood across all four subpopulations. The interaction between age and widowhood indicator was not significant in any of these subsamples, both men and women, suggesting that the increase in the use of anti-infective medications after widowhood is age-related.
dIsCussIon
In the present study, we hypothesised that after the loss of a spouse, the immune defences of men would be more compromised than those of women, and that the use of anti-infective medications following spousal loss would increase more among widowers than among widows. Our results indicate that the use of anti-infective medications is consistently higher among women prior to and after spousal loss. Our findings also show that both men and women use more anti-infective medications after than before widowhood, and that this change in the use of anti-infective medications is related to increasing age rather than the effect of spousal loss.
Similar results are obtained when the analysis is restricted to the individuals who survived at least 1, 3 and 5 years since spousal loss. However, it might still be possible that widowhood effect is time-dependent, with the negative effects declining over time. Indeed, the estimates of widowhood period in the sensitivity analysis suggest that the ATC-J use is higher after widowhood than before in all subpopulations (men and women), but its intensity declines for those who survive longer than those who die closer to spousal loss.
Our finding that women used more anti-infective medications before and after widowhood than men is likely a reflection of a general tendency for women to take more medications and use more primary healthcare services than men, 10 and of higher incidences of the most common infections, and especially of RTIs and UTIs, among women than among men. 29 Previous studies conducted in Denmark have shown that women tend to take more all-cause medications and visit general practitioners more frequently than men. 10 These patterns may be partially explained by a greater reluctance among men than among women to seek medical advice in a timely manner. 10 38 A study that examined a subsample of the elderly population in Italy found that the overall drug prescription rate was slightly higher among women Table 3 Anti-infective medication use before and after widowhood among individuals who survived at least 1, 3 or 5 years after widowhood, and excluding individuals widowed at ages 90+, mixed effect logistic regression model-men research report than among men. 39 A comparison of healthcare use in 34 European countries showed that, on average, women have a greater propensity to seek primary healthcare than men, and that the gender gap tends to be smaller for serious symptoms and larger for minor complaints. 40 The results of the present study support the findings of a previous register-based study in Denmark, which found little support for gender-specific differences in all-cause and system-specific medication use from 1 year before up to 5 years after a conjugal loss. 10 With the present longitudinal analysis, we were able to investigate whether there is a disruption in age-related changes in the use of anti-infective medications in the period after widowhood compared with the period before widowhood, and whether this disruption is gender-specific. We were able also to capture the effect of widowhood on the use of anti-infective medications, and to disentangle the age-related changes by distinguishing between the within-individual changes over time (age effects) and the between-individual changes that were present at the beginning of the study, and that persisted over time (cohort effects).
A major strength of the present study is that our analysis was register-based: that is, our sample size was large and almost all of the individuals examined were followed up. Thus, the chances of individuals being selected into or dropping out of the study for reasons other than death or emigration from the country were very low. Previous research has shown that DNPR has high levels of completeness and reliability, and is therefore a valid data source for empirical research. 31 In most previous studies, the immune system function was measured using biological markers of health, an approach that involves invasive procedures and is very expensive to do on a large scale. The use of anti-infective medications as a proxy measure for immune system defences in epidemiological research substantially increases the study sample size with little costs. In Denmark, anti-infective medications are prescription-only drugs that are tracked by pharmacies for reimbursement purposes. 31 According to the European Centre for Disease Prevention and Control, the average consumption of anti-infective medications in Denmark in 2015 was 17.1 daily defined dose per 1000 inhabitants/day. Compared with other European countries, Denmark is in the 77th lower percentile of anti-infective medication use, with Greece having the highest value (38.9) and the Netherlands having the lowest value (12.3). Dispensation of anti-infective medications based on prescriptions and the relatively low levels of antibiotic use in Denmark suggest that the anti-infective medications taken in Denmark are likely prescribed in response to real individual health needs. Nevertheless, the use of anti-infective medications as a proxy measure for immune defences may still be limited. It is likely to capture only the changes in the immune defences that result in substantially increased susceptibility to various infections, whereas weakening of the immune defences to a smaller extent that does not result in an infection requiring treatment with anti-infective medication would not be captured. Future large-scale studies using biological markers of health may be able to reveal sex-specific declines in the immune defences after spousal loss.
It is possible that men tend to delay or avoid seeking medical treatment for infectious diseases unless the condition becomes severe and requires hospital treatment. We were unable to examine this issue using our data due to the small number of hospital admissions for infectious diseases in Denmark in the 1995-2012 period. Furthermore, because of the small number of admissions, we were unable to perform a similar analysis for different groups of anti-infective medications. In general, however, our results were driven by antibacterial prescriptions (ie, 97% of the anti-infective drugs prescribed to men and women 1 year after bereavement were antibacterials) for the treatment of common infections. Our results are consistent with the findings of a recent systematic review of gender differences in the use of antibiotics, which indicated that women are more likely than men to be prescribed antibiotics in their life course. 29 In conclusion, the present study has demonstrated that individuals use more anti-infective medications after becoming widowed than before becoming widowed, but this change is likely to be related to the increasing age and is similar among widowers and widows. 
